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3a»BOK Ha H3o6peTeHHH T.<I>. BjiaAHMiipoea 
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i mm hhi flui lini niifuiii iliii iiiii ieiii ihii iin nil 

2- m 0; : O,"; 2 . 1 •■• 1; ;8 ,\.5i 6' 1.' 

HAHOMETPH4ECK0E n03inpiOHHPyK)Iip:E YCTPOHCTBO 

H3o6peTCHHe othochtch k oGjiacra ManniHOCTpoeHHH, a hmchho k 

npeUH3HOHHBIM n03HUH0HHpyK>mHM CpeflCTBaM, H MOKCT 6bITb UIHpOKO HCnOJH>30BaH0 5 

HanpHMep, b npeijH3H0Hm>ix cTamcax, bmcokotohhbdc KOirapyiomHx ycrpoiicTBax, a 
TaioKe b 4>OTOjnrrorpa(J)HHecKHX KOMiuieKcax ojul ajieiopoHHOH npoMLnimeHHOcm h 
hhbdc o6jiacxflx TexHHKH, npeHMymecTBeimo, ajih oGecneneHKa AHcicpeTHOCTH (niara) 
no3HujioHHpOBaHHH oGteicra b HaHOMerpoBOM flHana30He npH bo3mc»khocth 
o6ecneneHHH o6mero nepeMememra aroro o6i>eKTa (othochtcjibho 6a30BOH chctcmli 
KoopAHHar) Ha 6a3e (b ruiaHe), no Mem>nieH Mepe, 160x160 mm 2 . 

B Hacro^mee BpeMfl cymecrByiOT pa3jraHHoro po^a MHKpono3PnpioHHpyioiiiHe 

yCipOHCTBa, B OCHOBHOM, OCHOBaHHbie Ha HCnOJIB30BaHHH IipeUH3HOHHbIX JIHHeHHBIX 

ABHraxejiefi (pa3pa6oncH (|>HpM ASM Lithography, Canon, Nikon, EDiaHap) hjih 
m>e30KepaMHHecKHX aicnoaTopoB (pa3pa6oncH 4>HpM Burleigh, Toshiba, Physik 
Instrumente). Mtncpono3HiiHOHepBi nepBOH rpymn>i no3BOJunoT flocTHTHyn> 

KOHTpOJIHpyeMOH TOHHOCTH n03HIJHOHHpOBaHHH 35 hm, a MHKpon03HipiOHepi>I BTOpOH 

rpynrrbi - 10 hm. K coacaneHHio, b o6eHx rpynnax ycrpoficTB npaKTHHecKH AOcrorHyra 
npe^ejibHafl tohhoctb no3KujioHnpoBaHHa, hto orpaHHHHBaer AaJiBHemuHH nporpecc b 

pa3BHTHH MHKp03JieKipOHHKH, OITTHKH, TOHHOH MexaHHKH, IipeiXH3HOHHOrO 

MauiHHOCTpoeHiM, MHKpo-, po6oTOTexHOJiorHH h t. A- KpOMe Toro, AaJTBHerauee 
noBbnueHHe tomhocth m>e30KepaMHHecKHx no3HujioHepoB Tpe6yer pa^HicajiBHoro 
yjiyHHiemiH ypoBHH crra6HJiH3auHH Hcnojn>3yeMoro bbicokoix) Hanpa>KeHHH imraHHH h 
ycrpaHeHH» Mmcpofle^eicroB b nbe30KepaMHKe, nojiynaeMOH cneKaroieM. HaKOHeii;, 
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flHana30H nepeMemeHHH h pa3BHBaeMbie npn nepeMeiHeHHH ycHiraa b pjme cnynaeB 
oKa3bmaKnca 3aMerHO wane Tex Tpe6oBaHHH, Koroptie bo3hhk3iot b tskhx 6bicrpo 
pa3BHBaiomHXCH oTpacnax Kax MoneKyjiapHaa 6hojiothh, MHKpoaneiapoHHKa, oirnnca h, 
kohchho, npeoH3HoHHoe craHKOcrpoeHHe. 

H3 ypoBHfl tcxhhkh H3BecTCH MarHHTOMexaHHHecKHH npeo6pa30BaTejib 

(HaHOMeipHHeCKHH BHHT, C(j}OpMHpOBaHHbIH Ha OCHOBe MaTHHTOCTpHKIJJdOHHOrO 

npeo6pa30BaTejia), BKHOHaioiimH Kopnyc h cryneHb tohhopo no3HUHOHMpoBaHHH, 
coflepacainyio ycTaHOBJieHHtra c B03MO>KHOCTfeio B03BpaTHO-nociynaTejn,Horo 
nepeMemeHHH othochtcjibho Kopnyca HcnojiHHTejn>HbiH 3JieMeHT, no MeHBinefi Mepe, 
H acTB Koroporo BbmojiHeHa H3 MarHHTOcrpHKUHOHHoro Maxepnana, h hctohhhk 
MarHHTHoro nojw, BbmojmeHHbra b Bime, no MeHBinefi Mepe, oflHoro nocTOHHHoro 
MarHHTa, ycTaHOBJieHHoro b 30He toh, no MeHtniefi Mepe, oflHofi Hacra 
HcnoJiHHTeirbHoro 3JieMeHTa, Koropaa BbmojmeHa H3 MannrrocrpHKUHOHHoro 
MaTepHana, c bo3mo5khocti>k> nepeMemeHHH oTHOCHrejn>HO nocjie^Heii (RU2075797, 
1997r.). 

OCHOBHBIM HeflOCTaTKOM flaHHOrO H3BeCTHOrO H3 ypOBHfl TeXHHKH 

HaHOMerpHHecKoro ycipoHCTBa ajih no3HHHOHHpoBaHHH nepeMemaeMoro oGBeicra 
hbjihctch orpaHHHeHHBiH ^Hana30H nepeMemeHHH ynoMHHyToro oGteicra c toh 
TOHHOCTbio nepeMemeHHH (znicKpeTHOCTMO uiara nepeMemeHHH), KOTopyio 
no3BOJifleT o6ecneHHTb BbiuieyKa3aHHoe, H3BecrHoe H3 ypoBHH TexHHKH ycrpoMCTBO. 

HaH6ojiee 6jih3khm no OTHOHieHmo k 3aHBJieHHOMy TexHHHecKOMy pememno 
HBJiHeTCH H3BecTHoe H3 ypoBHH TexHHKH HaHOMeTpHHecKoe no3HmioHHpyioiH.ee 
ycrpoHCTBO, BKinoHaioiHee HenoflBiDKHMH 6a30Bi>m sneMeHT Ha kotopom 
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ycrraHOBJieHW c bo3MO>khocti>io B03BpaTHO-nociynaTejn»Horo nepeMeinemw 
othochtcjibho 6a30Boro 3JieMeina h oflHa oTHOCHTejiBHO Apyrofi cTyneHH rpy6oro h 
TOHHoro no3H^oHHpoBaHHH o6-beKTa, npH 3tom cTyneHi, rpy6oro 
no3HqHOHHpoBaHna KHHeMaraHecKH CB«3aHa c 6a30BMM 3JieMeHT0M h cryneHHO 

TOHHOrO n03HHHOHHpOBaHH5I C B03MTOKHOCTBK) o6ecneHeHHfl CHHXpOHHOrO 

nepeMemeHHJi o6eHX cryneHeg OTHOCHTejn>HO 6a30Boro 3JieMeirra b npouecce rpyobro 
no3^HOHHpoBaHHfl o6i,eKTa, a KHHeMaTHHecKaa cbh3b ynoMHHyrwx cTyneHefi 
MOKfly co6oh ocymecrBJieHa c bosmokhoctbk) aBTOHOMHoro nepeMemeimfl 
noflBiDKHoro sjieMeirra cryneira tohhoto no3HimoHnpoBaHHfl othochtcjibho cryneHH 
rpy6oro no3HHHOHHpoBaHH5i h, cooTBercTBeHHO, 6a30Boro 3JieMeHTa b nponecce 
TOHHOrO n03HUHOHHpOBaHHa o6i,eKTa (RU20163 U, 2001r.) 

Ochobhbim HeflocraTKOM ^aHHoro H3BecTHoro H3 ypoBHH tcxhhkh 
HaHOMerpiraecKoro ycTpoHCTBa ajw nosmniomipoBaHHJi nepeMemaeMoro o6teKra 
HBJiaeTca orpaHHHeHHBiH AHana30H nepeMememw ynoMHHyToro o6-beicra c toh 
tohhoctmo nepeMemeHHH (ahckpcthoctbk) inara nepeMememw), KOTopyio 
no3BOJiaer o6ecneHHT& BBimeyKa3aHHoe, H3Becraoe H3 ypoBHa tcxhhkh ycrpoficTBO. 
Kporvie Toro, flaHHoe H3Becraoe m ypoBiw tcxhhkh ycrpoHCiBO oojiaflaer 
orpaHHHeHHbiMH 3KcnjiyaTaHHOHHBiMH B03MO»cHOCTflMH BBH^y Toro, HTO o6ecneHHBaeT 
no3HnnoHHpoBaHne o6i»eKTa jimin, no o,zjhoh H3 oceii KOop^HHaT, a TaioKe He 

COAep>KHT COOTBeTCTByiOmHX KOHTpOJTBHO-H3MepHTejn>HbIX CpeACTB COOTBeTCTByiomeH 

tohhocth H3MepeHHa b 3aflaHHOM ,zmana30He nepeMemeHHa o6r>eKra. 

B ocHOBy 3a«BJieHHoro H3o6pereHHH 6buia nojio^ceHa 3a#aHa cosflamiH TaKoro 
ycTpoficTBa AJifl no3HHHOHnpoBaHHa nepeMemaeMoro o6i»eKTa othochtcjibho 
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6a30BOH cHCTeMbi Koop^HHaT, KOTopoe o6ecneHHBajio 6m (npH nepeMemeHHH 
ynoMHHyToro o6teKTa Ha 3aflaHHoe /He MeHee 160 mm/ paccrojiHHe) bo3mo^choctb 
no3HUHOHHpoBaHHH 3Toro o6i>eKTa c HaHOMeTpHnecKOH tohhoctbio no flByM 
KoopAHHaTaM, to ecn> o6ecneHHBajio 6bi inar (,zmcKpeTHOcn>) no3HUjiOHHpoBaHiw 
nepeMemaeMoro o6-beicra Ha 3a;jaHHoe paccTOKHHe (othochtcjibho 6a30BOH chctcmbi 
KOopflHHaT) b HaHOMeTpoBOM £Hana30He, hto b 3HaHKTejn>HOH creneHH noBBimaeT 

flOCTOBepHOCTb pe3yjIBTaTOB H3BeCTHBIX H3 ypOBHfl TeXHHKH MeTOflOB H cpeACTB 

H3M6p6Hiw npH KompojibHBix 3aMepax nojioaceHHfl, nepeMemaeMoro (no^piDKHoro) 
o6i>eKTa HccjieAOBaHHH, a TaioKe paciirapaeT 3KciuiyaTaixKOHHbie bo3mo^chocth 
» ycnpoHCTBa. 

nocTaBJieHHaa 3aAaHa oGecnenHBaercfl TeM, hto b HaHOMerpuHecKOM 
no3HiiHOHnpyiomeM ycTpoHCTBe, co^ep^cameM Heno,npi©KHbiH 6a30Bbifi ajieivieHT, Ha 
KoropoM ycraHOBneHa c B03M03KHOcn>io B03Bparao-nocnynaTejibHoro nepeMemerara 
OTHOCHTejibHO 6a30Boro 3JieMeHra cryneHb rpy6oro no3HHH0HHpoBaHHH, Ha 
nocjie^HeH ycraHOBJieHa c bo3mo^choctbk) B03BpaTHO-nocTynaTejn>Horo nepeMememra 
OTHOCHTejibHO ciyneHH rpy6oro no3HUHOHHpoBaHH^ ciynem> tohhoto 
no3HUHOHHpoBaHHH c ycraHOBOHHBiM 3JieMeHTOM, cTyneHb rpyGoro 

nO3HUHOHHp0BaHHH KHHeMaTHHeCKH CBJOaHa C 6a30BBIM 3JieMeHT0M H CTyneHbK) 

tohhoto no3HUHOHHpoBaHHH c B03MO>KHOCTbio oSecneneHHfl nepeMememra o6enx 
cryneHefl araocHrejibHo 6a30Boro 3JieMeHra, a KHHeMamHecica* cbh3b ynoMHHyrbix 
cryneHeH no3HU^OHHpoBamra MOK^y coGoh ocymecTBJieHa c bo3mo5Khoctbk) 
aBTOHOMHoro nepeMemerow ycraHOBOHHoro 3JieMeHTa ciyneHH tohhoto 
no3mjHOHHp0BaHH^ OTHOCHTejibHO ciyneHH rpy6oro n03HUHOHHpOBaHHa H, 
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cooTBercTBeHHO, 6a30Boro ajieMeHTa, npn 3TOM cryneHH rpy6oro h tohhoto 
no3raijiOHHpoBaHHH ycraHOBJieHbi c bcomo^khoctbio ynoMHHyioro nepeMemeHHH no ,npyM 
oc5dm KoopflHHar, ciynem> rpy6oro no3HUHOHHpoBaHHH BBinojiHeHa b BH^e ^cecTKOH 
onopHOH iijihtbi, Ha kotopoh Hcecnco 3aKperuieHa np^Moyrojn,Hafl paivnca, BHyrpH 
KOTopofi pacnojioaceH ycraHOBOHHLift 3JieMeirr cryneHH tohhoid no3HU^OHHpoBaHH5i, 
KMeiomero bo3mo>khoctc> nepeMememra h 4>HKcaiiHH b 3a^aHH0M nojic»KeHHH 
nocpe^cTBOM nonapHO ycraHOBJiemibix Ha kzdkrovl cropoHe npjiMoyrojn>HOH paMKH 
cryneHH rpy6oro no3HUHOHHpoBaHHH no3HUHOHHpyiomHx arieivieHTOB HaHOMerpiMecKoro 
AHana30Ha, npHHCM crynem> rpy6oro. no3PmnoHHpoBaHHH BbmojmeHa o6ecneHHBaiomeH 
3a^aHHoe nepeMemeraie c noipeinHOcraMH mchbuimmh, neM flHanasoH nepeiviemeHHH 
cryneHH tohhoix) no3HHHOHHpoBaHHH no Kaacaofi H3 flByx ynoM5myn>ix oceft KoopflHHar. 
OnrHMajiBHO no3HipiOHHpyK)iipie ajieivieHTLi cryneHH tohhoid 

n03HI(HOHHpOBaHHH BBHIOJIHflTb B BUJJfi MaTHHTOCTpHKipiOHHBIX IIpeo6pa30BaTeJieH, 

cpe^cTBa co3AaHHK h H3MeHeHHH napaMerpoB MarHHTHoro nojra KOToptix (b 30He 
pacnojioaceHira MaraHrocTpHKUHOHHoro MarepHajia) BtmojmeHM b BH#e nocTO^HHBix 
MarHHTOB. Bo3mo>kho TaioKe BbmojraeHHe cpeacTB co3,n;aHHfl h H3MeHeHira napaMeTpoB 
MarHHTHoro nona b BH^e KarymeK. 

KHHeMaTHHecKaa cbh3b cryneHH rpy6oro no3HujiOHHpoBaHHH c 6a30BbiM 
3JieMeHTOM Moxcer 6bm> BbinojmeHa b BHfle, no Mem>meH Mepe, AByx npeujCHOHHbix 
jiHHeHHBix flBHrareneH, pacnojio^eHHBix Ha 6a30BOM 3JieMeHTe c bo3mo3khoct£>io 
nepeMemeHHH >Kecncofi onopHOH runrrbi cryneHH rpy6oro no3HrjHOHHpoBamra baojib 
cooTBercTByionjjix ocefi KoopflHHar. 

HaHOMerpHnecKoe no3HUHOHHpyiomee ycrpoficrBO MO^ceT 6i>rn> CHa6>KeHO 
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cpeflcraaMH, o6ecneHHBaiomHMH nepeMememie >KecTKofi onopHofi runrn>i cryneHH 
rpy6oro no3HUHOHnpoBaHHH Ha B03flyniHOH noflynnce. 

Ba30BLiH 3JieMeirr Moacer 6brn> cHa6)KeH cpeflCTBaMH 4>HKcamra cryneHH 
rpy6oro no3HipiOHHpoBaHHH, BbmojiHeHHbiMH b BH#e CHcreMbi BaKyyMHoro npucoca 

HaHOMeipHHecKoe no3HUHOHHpyiomee ycrpoHCTBO TaioKe MO^cer 6brn> 
CHa6aceHO H3MepHrejn>HOH CHcreMoft KOKipojiH nojioacemra no3HU?iOHHpyeMoro 
ofjbeiera, BKjnonaiomeH, no MeHBineii Mepe, TpH KOHTpojitHO-H3MepHTejn>Hbix cpe^cTBa c 

TOHHOCTbK) H3MepeHHH He HHHCe TOHHOCTH n03HUHOHHpOBaHH3 ynOMHHyTbDC 

no3HUjiOHHpyioinHX 3HCMCHTOB HBHOMCTpHHccKoro #Hana30Ha ciyneHH TOHHOrO 
no3HUHomqx)BaHHH, upu 3tom o^ho H3 ynoMjmyTbix H3MepHrenbHBix cpeflcra pa3MemeHO 

C B03M02CHOCTBK) OCymeCTBJieHHH JIHHCHHOrO KOHTpOJIH nOJICttKefflifl 

no3HUHOHHpyeMoro oG^eicra no oahoh H3 ocen KOop^HHaT, a ocTajn>m>ie - c 
B03MO>KHOcn>io ocyiijecTBJieHHH jiHHeHHO-noji5ipHoro KOHipojia, oTHOCHrejibHO flpyroii 
oproroHajn>HOH BtnueynoNMHyroH och KoopflHHar b iijiockocth 6a30Boro aJieMeirra. 

HaHOMeipHHecKoe no3HujiOHHpyiomee ycrpoHCTBO mo^kct 6brn> CHa6^ceHO h 
chctcmoh ynpaBJieHHH no3HupoHHpyK>iipiMH 3JieMeHTaMH, o6ecneHHBaiomHMH 
nepeMememie ycraHOBOHHoro ajieMenra cryneHH tohhoto no3HUHOHHpoBBHHH Ha 

3aflaHHOe paCCTOHHHe, CBfl3aHHOH C H3MepHTeJIbHOH CHCTeMOH KOHTpOJIfl nojiOHcemw 

no3HUjiOHHpyeMoro o&beicra, 

U,ejiecoo6pa3HO KOHrpojibHo-H3MepHTejibHbie cpe^CTBa H3Mepprrejn>HOH 
cHCTeMBi KompojiH nojioacemra o6T>eicra BbinojiHOTb b BHfle na3epHbix rerepoflHHHbix 
HHTep4>epoMeTpoB h/hjih eMKOCTHbix AaTHHKOB AeBHaaHH nojioHceHHa cTyneHeft 
OTHOCHTenbHO njiocKocTH 6a30Boro aneivieHTa. 
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H3o6pereHHe HJunocrpHpyeTCH rpa(j>HHecKHMH MarepnajiaMH. 
Ha (|)Hr.l - noKa3aHa cxeMa HaHOMerpHnecKoro no3HipiOHMpyiomero 
ycTpoiicTBa (b njiaHe). 

Ha (|)Hr.2 - ceneHHe A- A no (|>Hr. 1 

HaHOMeTpmecKoe no3HUHOHHpyiomee ycTpoficTBO coflepaorr Heno^HBiCKHtm 

6a30BbIH 3JieMeHT 1, Ha KOTOpOM yCTaHOBJieHBI C B03MO^CHOCTBK) BO3BpaTH0- 

nocTynaTejitHoro nepeMememra (othochtcjibho 6a30Boro ajieMeirra 1 h o,zma 
oTHOCHTejiBHO flpyroft) cryneHH 2 h 3, cooTBeTCTBeHHO, rpy6oro h TOHHoro 
no3HUHOHHpoBaHiM oG'beKTa 4. CTyneHb 2 rpy6oro no3HiiHOHnpoBaHHH 
KHHeMaTHHecKH CBH3aHa c \J6a30BhiM 3JieMeHTOM 1 h crynem>K) 3 tohhofo 
no3HujiOHHpoBamDi c bo3mo^chocti>k> o6ecneneHHH CHHxpoHHoro nepeMemeHHH 
o6enx cryneHeH 2 h 3 OTHocHTejn>Ho 6a30Boro sjieMema 1 (b npoijecce rpy6oro 
no3HUHOHHpoBaHHH o6T>eicra 4). KHHeMaiHHecKaH cbh3b ynoMHHyrbix cryneHefi 2 h 3 
Me^ay co6oh ocymecrajieHa c bo3mo)khoctbk) aBTOHOMHoro nepeMemeHHH 
no£BH>KHoro ycTaHOBOHHoro 3JieMeirra 5 (npeflHa3HaneHHoro jvui pa3MemeHHH 
no3Hi(HOHHpyeMoro o6i>eKTa 4) CTyneHH 3 tohhofo no3HOHOHnpoBaHHH 
OTHocHTenBHO CTyneHH 2 rpy6oro no3HipiOHHpoBaHHH h, cooTBeTCTBeHHO, 6a30Boro 
3JieMeHTa 1 (b npoijecce tohhoto no3Hii;HOHHpoBaHHH o6teKTa 4). CTyneHH 2 h 3, 

COOTBeTCTBeHHO, ipyGoFO H TOHHOFO nO3HL0iOHHpOBaHHH yCTHHOBJieHbl C 

B03M02KHOCTBK) B03BpaTHO-nociynaTCjn>HOix) nepeMemeHHH OTHOcprrejiLHO 6a30Boro 
3JieMeHra 1 h oflHa OTHOCHTejibHO apyroH no flByM ochm «X» h «Y» KoopflHHar. 
OryneHB 2 rpySoro no3HU,HOHHpoBaHHH BBinojmeHa b BH^e ^KecncoH onopHOH 
njiHTBi, KHHeMaTHnecKan cbh3b KOTopofi c 6a30BLiM 3JieMeHTOM 1 ocymecTBJieHa 
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nocpeflCTBOM, no MeHtmeH Mepe, flByx JiHHefiHBix #BHraTejiefi (Ha nepTeacax 
ycjioBHO He noKa3aHHBix), KOToptie pacnojio^ceHLi c bo3mo)khoctbk) nepeMemeHHH 
onopHOH iijihtm BflOJit cooTBeTCTBjoomHX oceft Koop^HHaT. ,ZJaHHoe nepeisiemeHHe 
(T.e. nepeMememie onopHOH runrrbi b nponecce rpy6oro no3HnnoHHpoBaHn^ oGteiera 
4) ocymecTBJweTCH na B03flyumoH no/iynnce. EasoBLiH 3JieMeHT 1 Mo^ceT 6bitb 
CHa6)KeH cpeflCTBaMH 4>HKcaijHH CTyneHH rpy6oro no3Hii;HOHHpoBaHira (nocjie 
3aBepinemra npoijecca rpy6oro no3HijHOHHpoBarora), KOToptie, Kaic npaBHJio, 
BBinonHeHBi b BH#e CHcreMBi BaKyyMHoro npHCOca. 

GiyneHB 3 tohhoid no3Hi(HOHHpoBaHHH BBinojiHeHa b Bime ^cecTKO 
3aKpenjieHHOH Ha ynoMflHyroft onopHOH ruiHTe npHMoyrojitHOH pajviKH 6, 

BHyipH KOTOpOH yCTaHOBJICH nOflBHHCHBIH yCTaHOBOHHBIH 3JieivieHT 5. 

ycTaHOBOHHBra ajieMeHT 5 nepeMemaerca h 4>HKCHpyeTCfl b 3a#aHHOM nojioaceHHH 
nocpeflCTBOM nonapHO ycTaHOBJieHHbix Ha Kaacfloii CTopoHe npjiMoyrojibHOH paMKH 

6 n03HIXHOHHpyK)mHX 3JICMCHTOB 7, 8, 9, 10, 1 1, 12, 13, 14/ HaHOMCTpMHeCKOrO 

AHana30Ha nepeMememiH. KpoMe tofo, ycipoHCTBO CHaGxceHO H3MepnTejn>HOH 
CHcreMOH KOHTpoJM nojioacerara o6i>eKTa 4, BKjnonaiomeH, no MeHBUieft Mepe, TpH 

H3MepHTeJH>HBIX cpeflcroa 15, 16, 17 C TOHHOCTBK) H3MepeHHH He HH^ce TOHHOCTH 

no3HimoHHpoBamw ynoNMHyrtix no3HijHOHHpyiomHX 3JieivieHTOB 7, 8, 9, 10, 1 1, 12, 
13, 14 dyne™ 3 tohhopo no3HHjiOHnpoBaHHH. IIpH 3tom o#ho H3Mepnrejn>Hoe 
cpe^cTBo 15 pa3MemeHO c bo3mo^choctbk> ocymecTBJieHira kohtpojw nojio^cemM 
o6teicra 4 no oahoh h3 ocefi (b Hacraocra «X») KOopAHHar, a ocTajiBHtie 16 m 17 - no 
Apyroii och (b Hacraocra «Y») KOopflHHar. 

no3HujiOHHpyiomHe 3JieMeHTbi 7, 8, 9, 10, 11, 12, 13, 14 cryneHH 3 tohhofo 
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no3HUHOHHpoBaHH5i Moryr 6biTb BbmojiHeHbi pa3JiHHHoro rana, ho, npeMMymecTBeHHO, 
b BH^e MarHHTocTpHKUHOHHBix (MaraHTOMexaroiHecKHx) npeo6pa30BaTeneH, cpeflCTBa 

C03flaHH5I H H3MeHeHHH MarHHTHOrO nOJM KOTOpBIX BBinOJIHeHBI B BHfle nOCTOHHHBIX 
MaTHHTOB . Heo6xOflHMO OTMeTHTB, HTO OCOGeHHOCTBK) HCnOJIKByeMLIX B 3a^BJieHHOM 

ycTpoiicTBe MarHHTocTpHKUHOHHBix (MarHHTOMexaHHHecKHx) npeo6pa30BaTejieH 
HBJMerc^ to, hto b KanecTBe chjioboto 3JieMeHTa (cpeflcraa nepeMememra 
HcnoJimrrejiBHoro sjieMenra) Hcnom>3yeTCfl crep^ceHB H3 MarepHajia c raraHTCKOH 
MarHHTOCTpHKi[HeH (MarHHTOCTpHKTOp), KOTopBifi noMemeH b MarHHTHoe nojie 

MaTHHTHOH CHCTeMBI, C(J)OpMHpOBaHHOH H3 IIOCTOflHHBIX MaTHHTOB. llpH H3MCHeHHH 

(no BejniHHHe h/hjih HanpaBjieHmo) Hanpn^ceHHOCTH MarHPrraoro nojra MarHHTHOH 
chctcmbi npoHcxoAHT H3MeHeHHe JiHHeiiHBix pa3MepoB MarHHTOCTppncropa. Ilo 

CpaBHefflOO C IimpOKO H3BeCTHBIMH MaiTIOTOCTpHKIJHOHHBIMH ITpeo6pa30BaTeJIHMH (b 

KOTOpBix MarHHTHoe nojie reHepnpyeTCfl nocpe,n;cTBOM cojieHon#a) HcnojiB30BaHHe b 
KanecTBe HCTOHHHKa MaraHTHoro noim nocTO^HHBix MarmrroB no3BOjraeT b 
3HaHHTejn>Hofi Mepe coKpararb 3Hepronoipe6jieHHe b paccMaTpHBaeMOM 
MarHHTOMexaHHHecKOM npeo6pa30BaTCJie, ycTpaHHTB ero HarpeB, noBBicHTB 
BpeMeHHyio cTa6njiBHocTB nojioacemra HcnojiHHTejiBHoro 3JieMeHTa, bo mhoihx 
cjiynaax o6ohthcb 6e3 HCTOHHHKa 3JieKTponHTaHH* h, icax cjie^cTBHe, nojiyHHTB 
no3HipioHHpyiomHe ycrpoHCTBa co cne^ziyiomHMH 3KcnjiyaraijHOHHBiMH napaMerpaMH: 

- MHHHMajn>HBra mar nepeMemeHHH (no3HUHOHHpoBaHroi) - 0,01 hm; 

- Anana30H nepeMememra - ao 1000 mm; 

- AHHaMHnecKHH flHana30H - 10 u ; 

- ycHJine Ha HcnojiHHTejibHOM opraHe npH ero nepeMemeHHH - 10 4 ; 
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- noTpe&nuieMaH npn pa6oTe npHBO/ja moiuhoctb - ro5 Bt; 

-OTcyrcTBHe 3HepronoTpe6jieHHH npn 4>HKcanrai nojioHcemra 
HcnojiHHTejiLHoro ajieMeirra. 

H3MepHTejn>HBie cpeacTBa 15, 16, 17 H3MepHTejn>Hoft chctcmbi kohtpojm 
nojioacemw oGteKTa 4 Moryr 6bitb BBinojraeHBi, npeHMymecTBeHHo, b BH^e 
jia3epHi»ix reTepoAHHHbix nHTep(J>epoM6TpOB, a TaioKe He HcicrnoHaeTCH 

B03MOHCHOCTB HCnOJIB30BaHHfl B HeH (flJIfl yCTpaHCHHH IipOflOJILHBIX ^eBHaillffl) 

ycTpoScTBa eMKGcraoro uma jyw H3MepeHira nepeKoca ciyneHH (T.e., pa3HOCTH 
paccTO^HHH kohijob onopHOH jiHHemcH ciyneHH ot penepHbix noBepxHOcrefi). 

Heo6xO#HMO yHHTBIBaTB, HTO C03flaHHe H3MepHTeJIBHOH CHCTCMBI KOHTpOJM 

nojio^ceHHii oGteKTa 4 (no3BOjraiomeH o6ecneHHTB H3MepeHHe Koop^HHaT 
CTyneHH 3 tohhoto no3HijHOHHpOBaHHH b ^HHaMHHecKOM flHana30He ~10 8 ). 
Heo6xoAHMyio tohhoctb raMepemra mohcho nojiynurB jihiiib c noMomBio na3epHBix 
mrrep^epoMeTpHHecKHx H3MepHTejiefi nepeMemeinra. JIa3epHBiH HHTep^epoMeip 
roMepemra nepeMemeHHH - 3to JiHHeHHaa H3MepHTeni>Haa CHCTeivia asm 
a6cojnoTHBix H3MepeHHH ajihhbi nyreM cpaBHeHHH ee c ajihhoh bojihbi 
CTa6HJiH3HpOBaHHoro no nacTOTe Jia3epa. B caMBix o6iujix neprax npimipni 
pa6oTBi jia3epHoro HHTep^epoMeipa H3MepeHira nepeMemerara coctoht b tom, hto 
o^hh H3 ero OTpaacaTejiefi 3aKpeiuraeTCfl Ha nepeMemaeMOM o6Beiere. IlpH 
ABH^ceHHH o6i>eKTa MeH^eTCH pa3HOCTB 4>^3 HHTep(J)epHpyiomHX nyHKOB, hto 
npHBOflHT k xapaKTCpHOH nepHO^HHecKOH MOffymmfm aMnjimyflBi CBeTOBoro 
noTOKa Ha BBixofle HHTep4>epoMeTpa. IlepHOfl Ha6jnoflaeMOH HHTep(|>epeHijHOHHOH 

KapTHHBI paBeH B TOHHOCTH nOJIOBHHe .HJTHHBI BOJIHBI H3JiyHeHH5I HCII0JIB3yeMOrO 
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Jia3epa. TaKHM o6pa30M, H3MepeHne nepeMemeHira c noMomj>io HHTep^epoMeipa 
cboahtch k no^CHe-iy qejioro HHCJia npon^eHHBix HHTep^epemiHOHHBix nojioc h 
onpe^ejieHHio ,npo6HOH Hacra nopjypca. TaKHM o6pa30M ? CHcreMa Kompojw 

nO3HUJIOHHp0BaHH^ flOJDKHa COCTOHTb H3 ffByK H3MepHTCJieH nepeMemeHHH. OflHH 

H3MepHxejn>, pa6oTaiomHH jih6o no npHHijHny HHTep^epoMeipa 6e3 nepeHOca 
cneicipa cHraajia, jra6o KaK BBicoKOTOHHa$i CTatmapTHaH H3MepHTejn>Haa jiHHeinca, 
H3Mep^er ijenoe hhcjio nop^mcoB HHTep^epemjHH. Btopoh HHTepcJ)epoMeTp 
(reTepoAHHHLifi) H3MepaeT ^po6Hyio Hacn> nopimjca. 

B 3aaBJieHHOM ycipoHCTBe (HaHOCTOJie) no3HimoHHpoBaHHe (nepeiviemeHHe) 
ocymeciBJDieTCH c noMoujBK) jxsyx ciyneHeH - ciyneHH 2 rpy6oro no3H^OHirpoBaHHH 
h pacnono^ceHHofi Ha Hen ciyneHH 3 TOHHoro no3HHHOHHpoBaHHfl. Qzihhm H3 
cymecTBeHHBix BonpocoB npH nepeMemeHHH ycTaHOBOHHoro noABiracHoro 
ajieMeHTa 5 ciyneHH 3 tohhoid no3HUHOHHpoBaHHa hbjihctch Bonpoc npo,n:ojn>HOH 
fleBHai^m 3toh ciyneHH 3 npn ee ABH^ceHHH b^ojib KaacflOH H3 ocefi KOop#HnaT «X», 
«y». rio3T0My npeflnojiaraeTCH nojioaceroie crynemi 3 TOHHoro no3HU,HOHnp OBaHHH 
no nonepe^HBiM npocrpaHCTBeHHBiM Koop/piHaTaM KOHTponHpoBaTB cmkocthbimh 

flaTHHKaMH C CHCTeMOH o6paTHOH CBA3H C OTKJIOHeHHeM OT np^MOJIHHeHHOCTH 

nepeMemeHHH He 6ojiee 50 hm h c BocnpoH3BOAHMOCTBio nojioKeHiw - 2,5 hm, a ho 
npoflOJiBHofi - HHTep(J)epoMeTpHHecKHM H3MepHTejieM apo6hoh nacTH nop^OKa c 
tohhoctbk) He xyace, neM 3 hm. IlpeAnojiaraeTCH TaioKe, hto Bee ycipoHCTBO 6yaeT 
paGoTaTB jihGo b BaKyyMe, jih6o 6yAeT oGecneneHO nocrcwiHCTBO noKa3aTejra 
npenoMJieHHH axMoc(|)epBi c tohhoctbio 10~ 8 . 

34>4 )eKTp iBHBiM MeroaoM ycrpaHerora bo3mohchbix npo^ojiBHBix aeBHaujiH 
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ciyneHeH 2 h 3 3aaBJieHHoro ycipoficTBa flBJiaeTCfl Hcnojn>30BaHHe ycTpoficTBa 
eMKOCTHoro Tuna asm H3Meperow nepexoca cryneHH - pa3HOCTH paccrommi kohijob 
onopHofi JiHHeHKH ciyneHH ot penepm>ix noBepxHOcreii. Emkocthmh MeTOfl 
H3MepeHHH pa3HOcrra paccTOHHHH oGecnenimaeT H3MepeHHe MajiLix paccTcwmHH c 

BBICOKOH TOHHOCTBK). 

ITpeo6pa30BaTejii> «pa3HOCTB paccimmiH - cmkoctb» AOJDiceH coflep^KaTB flBe 
3JieKiponpoBOflHmHe noBepxHocra, 3aKpeiuieHHBix Ha HeuoffBimnopL penepHOH 
noBepxHocra h y^ajieHHtix ot 3toh noBepxHocra (HanpHMep, c noMOiijBio 
flH3JieKipHHecKOH npoKJiaAKH) Ha paccTOHHHe nopH^Ka 1mm, a TaiOKe onopHyio 
noBepxHOCTB, HiHpHHOH h ajihhoh 6onBHie paccTOHHHfl MOK^iy yKajaHHBIMH BBIHie 
penepHBiMH npoBOA^nipiMH noBepxHocraMH, pacncuio^KCHHBiMH he BBi6paHHOH 
HaipaBjraomeH. 

TaKHM o6pa30M, 4>opMnpyeTC5i na P a KOBmeHcaropoB, o6pa30BaHm>ix 
sjieKiponpoBOAameii noBepxHOCTBio onopHofi jmhchkh c oahoh CTopom>i h penepHBiMH 
noBepxHocrflMH c flpyrofi. ITpHHeM, HH^opManjiOHHbiM napaMerpOM jmiraercH 
paccroHHHe Me^giy 3thmh noBqpxHocraMH. ITpH nepeKoce onopHOH jthhchkh 3ih paccrcmHHH 
H3MeH5corcH nopa3HOMy, hto aqjdkho npHBQmfiB k noflBJieHHK) CHraana nepeicoca c yneroM 
ero3HaKa. 

Han6ojiee npHeMJieMBiM MeroflOM npeo6pa30BaHH5i 3JieicipHHecKOH eMKOcra b 
Hanp^ceHHe, Moacer 6bitb moctoboh TpaHC(Jx>pMaTopHBiH Menofl K3MepeHHH eMKOcra c 

TCCHOH B3aHMHO KH^yKmBHOH CBH3BIO MOKfly H3MCpHTCJTbHBIMH ITJieHaMH. B 3TOM CJiyHae 
TOHHOCTB H3MCpeHHH o6ecneHHBaeTCJI CTa6HJn>HOCTBK> K03(^(^HIJfieHTa TpaHC(|)OpMaHHH 
Me^Zjy IUI6H6BBIMH o6MOTKaMH, a 3T0T napaMeip 3aBHCHT TOJIBKO OT OTHOUieHHH HHcen 
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BHTKOB B o6MOTKaX H, CneflOBaTCJIBHO, HHK3K He MOHCCT H3MCHHTLCH TTOR BJIHHHHeM BHCUIHHX 
yCJIOBHH. 

HanSojiee ijejiecoo6pa3m>iM pokhmom pa6orbi TpaHc^opMaropHOH iBMepHrejiBHOH 
ijenn 5mraeiC5i pe30HaHCHtra pe)KHM. IlpH otom: 

- noBbniiaencfl KcecjxjMLj^eHT npeo6pa30BaHHH mocibb BeniwHHy #o6pamocm pa3; 

- ynynniaerca ycTOHHHBOCTB k 3JieKxpoMarHHTHi>iM noMexaM 3a cner nacroTHOH 
H36HparemHocm pe30HaHCHoro pe>KHMa. 

ITpHMeHeHHe pe30HaHCH0H H3Mepmejn>HOH aenn, o6ycjiORjraBaer HcnojiKSOBaHHe 
npeo6pa30Bareji5j nepeMeHHoro Hanp5DiceHH5i b nocTOHHHoe b chhxpohhom pe)KHMe pa6an>i 
- aMTDimyqHoro cHHxpoimoro (f>a30HyBcraifrejibHoro flereicropa. IlpH otom cymeciBeHHO 
yjiynniaiOTca MerpojiormecKHe xapaicrepHcraKH roMepmenbHOH i^eira, npe^zxe Bcero, 
jTHHeifflocrb xapaicrepHCTHKH npeo6pa30BaHHH. KpoMe toid, ynyHHiaercfl ycroKHHBOCTB 

K B03AeHCTBffiO BHCIIIHHX HeGjiaTOIipHHTHBIX ^aKTOpOB, HailpHMep, yTCHCK TOKa IIO 
nOBepXHOCMM H30JIHT0p0B 3a CHCT IIOflaBJieHHH aKTHBHOH COCTaBJDHOmeH IipOBOAHMOCTH 

H3MepKiejn>HOH ijenH, a xaioKe noMexoycroiraHBOciK 

Pa6oHaa nacTOTa reHepaTopa, b 3tom cjiynae, no/wep^HBaeTOi 6jih3koh k 

pe30HaHCHOH HaCTOTe MOCTa C nOMOmtK) CHCTeMBI (J)a30BOH aBTOnOACTpOHKH 
HaCTOTbl, CHTHaJI OIUH6KH B KOTOpOH (jDOpMHpyeTOI 3a CHCT HCnOJIB30BaHHH 

4>a30MaHHnyjiHpoBaHHoro iihjiot - CHraajia. 

H3MepHTejn>HBIH TpaHC(|>OpMaTOp KOHCTpyKTHBHO MO^CeT 6BITI> BLHIOJIHeH B 

B*me TpaHC(J)opMaTopa c KopoTK03aMKHyn>iM bhtkom CBH3H, hto o6ecneHHT 
flocTaTOHHO BbicoKyio pa3BH3Ky bxoahbix h bbixoahmx ijeneH MOCTa no npoxoAHoii 

eMKOCTH. Pe30HaHCHbIH pe^CHM o6ecneHHT BBICOKHH H nOCTOHHHMH K03(J)^imHeHT 
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npeo6pa30Baroifl b 3a#aHHOM ^Hana30He h3mchchhh H3MepaeMOH pa3H0cm eMKOcrefi. 
C ijejiLK) oSecneneHHH pe30HaHCHoro peacHMa bo BceM ,miaiia30He H3MeHeHHH 

eMKOCTeH AaTOiKOB H CHK>KeHHH Tpe60BaHHH K KaHeCTBy 3aBOflCK0H HacnpoHKH 

H3MepHTejn>HBiH reHepaTop h MOCTOBaa uenb Moryr 6i>iti> oxBaneHbi chctcmoh 
c^a30BOH aBTonoflCTpofiKH nacTOTbi. Bbixo^HaH o6MOTKa moctoboh uenH, B ^aHHOM 
cjiynae, 6yzjeT HarpyaceHa Ha KmoneBOH CHHxpoHHbra ^ereicrop, hto o6ecneHHT 
HeoGxoAHMyio JiHHeHHOcn> xapaicrepHCTHKH cxeMLi bo BceM ,ajiana30He h3MCHchhh 

eMKOCTeH flaTHHKOB H flOCTaTOHHO BBICOKyiO yCTOHHHBOCTb K B03#eHCTBHK> BHeiHHHX 

ajieiapoMarHHTHBix noMex. HeoGxoflHMaa Kpyra3Ha xapaicrepHCTHKH Tpaicra 6yzjeT 
oSecneneHa MacmTa6HpyK>mHM ycHJiHTejieM Ha 6a3e onepaijHOHHoro ycujiHTejw. 
Ko3(J>4)HipieHT MaciHTa6HpoBaHHH h, cjie^oBaTejibHO, KpyrH3Ha npeo6pa30BaHHfl 
Moiyr 6biTb ycTaHOBJieHbi npH HacTpOHKe cxeMbi H3MeHeHHeM 3HaneHHfl 
peryjmpoBOHHoro pe3Hcropa. 

HoBH3Ha 3aaBneHHoro TexHHHecKoro peinemra 3aKjnoHaTCJi: 

- B HCnOJIb30BaHHH yHHKaJIbHblX CHJIOBbDC HaHOnO3HUH0Hep OB pjw 

o6ecneHemw BbixoAa tohhoh cryneHH HaHocrojia Ha 3aAaHHbie Koop^HHarbi; 

- b Hcnojib30BaHHH BbicoKOTOHHoro reTepoflHHHoro HHTep4>epoMeTpa rjvi 
Hafle>KHoro H3MepeHtra apo6hoh nacra nonocbi npH onpeaejieHMH nojio^KeHHfl 

TOHHOH CTyilHH HaHOCTOJia; 

B HCITOJIb30BaHHH BblCOKOHyBCTBHTCJIbHOTO CMKOCTHOTO flaTHHKa 

nepeMemeHHH jjjvl ycipaHeHHfl npoflonbHbix fleBHaijHH npn nepeMenjeHHH tohhoh 
cryneHH HaHOCTona, hto Moacer 3HaHHrenbHO yMeHbiinrrb peanbHoe BpeMfl tohhoh 
locrapoBKH. 
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CiyneHB 2 rpy6oro no3HujioHHpoBaHH« oGteicra o6ecneHHBaer nepeivieineHHe 
^noMHHyroro o6i>eKTa) b flHana30He 160 mm b njiocKocra 6a30Boro 3JieMeHTa 1 
(no jik)6oh H3 ocen Koop^HHaT «X» hjih «Y») c tohhoctlio, npH6jni3HTejn>HO, — 3 mkm, 
hto no3BOJMer no3HHHOHHpoBaTi> oGteicr 4 c AroiaMHHecKHM AHana30HOM 5 10 4 . 
CiyneHB 1 tohhoto no3HUHOHHpoBainM (a hmchho: ee no^iDKHBm ycrraHOBOHHMH 
3JieMeHT 5) nepeMemaercji b iuiockocth «X», «Y» Ha 6a3e npnGjiroHTejiBHO 10 -20 mkm 2 , 
c bo3mo}khocti>k> o6ecneneHHfl AHCKperaoro nepeMememw b npe/jejiax - 0,1 hm. 
YKa3aHHaH tohhoctb flHCKpemopo nepeMememiH no^BiDKHoro ycraHOBOHHoro ajieMema 
5 cryneHH 3 tohhopo ncBHujiomipoBaroDi oG-beicra 4 o6ecneHHBaercH nocpe^cTBOM 
Herwpex nap cynepnpeujGHOHHbix chjiobbix, npeHMynjeciBeHHO, MarHmxxripHKijHOHHLix 
npHBoaos (T.e. 5 no3HUHOHHpyiomnx 3JieMeHTOB 7, 8, 9, 10, 11, 12, 13, 14 
HaHOMeTpHHecKoro flHana30Ha). 3to o6ecneHHBaeT BO3MO>KH0CTb paSorw 
3a3mneHHoro ycrpoHCTBa c AHHaMHHecKHM AHana30HOM 2xl0 5 . IIpH otom crynem> 3 
tohhoix) no3HimoHHpoBaHHfl oGecnenimaeT tohhoctb no3HHHOHHpoBaHHH o&beiera 4 (b 
iuiockocth 6a30Boro 3JieMema 1) He xyace 5hm no Ka^aoft H3 ocefi («X», «y») KoopAHHax. 

Bnojme peajibHO, hto Hcnojn>3yeMaH b 3aaBJieHHOM ycipoHCTBe n3Mepirrejii>Haa 
CHcreMa KompojM nojioacemw no3HUHOHHpyeMoro o6teKTa 4 (T.e. CHcreMa kohtpojm 
/b iuiockocth X - Y/, nojio^ceHHH ciyneHeH 2 h 3 rpy6oro h tohhopo /cooTBercrBeHHo/ 
no3HiiHOHHpoBaHHH o6i>eKTa 4), npn Hcnojn>30BaHHH ^ByxKOopAHHaraoH 
H3MepHTejn>Hoft cHcreMbi Ha 6a3e rerepoflHHHtix Jia3epm>ix Hirrep(|>epOMeTpoB (a TaioKe 
paHee ynoMHHyn>ix eMKOcrm>ix ^aiHHKOB aeBHaupn) no3BOJiaer npoBO,zprn> roMepeHHe h 
KOHipojn> nojio»:eHHa (b iuiockocth «X», «Y») cryneHH 3 tohhopo no3HUHOHHpoBaHHa 
bo BceM AHana30He H3MeHerow Koop^HHax no yKa3aHm>iM KoopAHHambiM oonvr c 
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TOHHOCTbK), npH6jm3PrrejiLHO, 1 HM. 

KaK paHee yKa3braajiocb, b KanecxBe crynemi 2 rpy6oro no3HUHoraipoBaHH£ 
o6i>eKTa 4 HcnojiKsyercfl acecTKaa onopHaa irona, nepeMemaiomaacji (b npou.ecce 
rpy6oro no3HipioHHpoBaHHH o&beiera 4) araocirrejiBHO 6a30Boro 3JieMeHra 1 Ha 

«B03 ( ayinHOH no^yiUKO) (peaJTH3yeMOH JIK)6bIMH H3BeCTHbIMH H3 ypOBHH tcxhhkh 

ycTpoiiCTBaMH) nocpe,n;cTBOM, no Mem>ineH Mepe, .apyx npeujOHOHHtix jnmeftHbix 
ABuraTeneH. Tohhoctb nepeMememra, o6ecneHHBaeMaa H3BecmbiMH H3 ypoBHH tcxhhkh 
npeujQHOHHBiMH jnmeHHBiMH aBHraTejMMH cocraBJineT (Ha 6a3e nepeMemeHPM 0,1-1 
m), npH6jni3HTejn>HO ~2-3 mkm. TIo flocraaceHHH 3a^aHHLix Koop/pmaT cTynem> 2 
rpy6oro no3HUHOHHpoBamra acecnco 4>HKCHpyeTca Ha onopHoii iijiockocth 6a30Boro 
3JieMeHTa 1, HanpHMep, nocpeflcrooM jho6oh h3bccthoh H3 ypoBHH tcxhhkh chctcmli 
BaKyyMHoro npHcoca. 

3areM ocy^ecrBJiHercH OKOHnarejibHa^ KxrrapoBKa (no3HUjiOHHpoBaHHe) 
KHHeMaranecKH cBjraaHHOH co cryneHtio 2 ipy6oro no3HijHOHHpoBaHHfl (KOTopaa /t.c 
ciyneHB 2/, b ^aHHbrii momcht BpeMeim, acecnco 3a(j)HKCHpoBaHa othochtcjibho 
6a30Boro ajieMeirra 1) ciyneHH 3 tohhoto no3HUHOHHpoBaHHH o&beiera 4. 

KaK paHee yKa3bmajiocb, ciyneHb 3 tohhoto no3HunoHHpoBaHHfl b Bbinie 
ynoivufflyrbiH «#aHHbiH momcht BpeMeHH» chhxpohho nepeMeinajiacb cobmcctho c 
5KeciKOH onopHofi fuihtoh ciyneHH 2 rpy6oro ncoHUHOHHpoBaHHfl. 

TJanee rayiijecTBJifleTCfl 3a^aHHoe cynepnpeujGHOHHoe nepeMemeHHe noAMDKHoro 
ycraHOBOHHoro ajieMenra 5 (ciyneHH 3 tohhoto no3HiiHOHHpoBaHHH) no jjpyM 
Koop^HHaTHBiM ochm («X»-«y»). IIpH 3tom ynoMHHyroe nepeMemeHHe no,ziBi©KHoro 
ycraHOBOHHoro ajieMenra 5 b^ojib juo6oh H3 ocen KoopajmaT («X» hjih «Y») 
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ocymecTBJiflercfl nocpeflciBOM tojibko rex ppyx nap no3HUHOHHpyiomHX 3JieMeHT0B 
(HanpHMep, nap 3jieMeHTOB 7, 8 h 9, 10, / cootbctctbchho/, npn nepeMemeHHH 
ycTaHOBOHHoro 3JieMeHTa 5 b^ojib och «y»), mropBie pa3Memem>i onno3HTHO o^Ha 
OTHocprrejn>HO flpyrofi, npn ycjiOBHH, hto ocrajiLHBie ABe napti no3HiiHOHHpyK)iuHX 
ajieMeHTOB (b flaHHOM cnyqae, napti 3JieMeHT0B 11, 12h 13,14) b momcht coBepniemw 
yKa3aHHoro nepeMemerora (T.e. b^ojib och «Y») KOHraKTHO He B3anMOfleHCTByKrr c 
ynoMHHyrBiM no/ipiDKHbiM ycxaHOBOHHbiM 3JieMeHTOM 5. ITpn nepeMenjemm 
ycraHOBOHHoro noflpiDKHoro 3JieMeHxa 5 b^ojib och «X» BBnneynoMHHyrsie napti 

n03HIlHOHHpyiOmHX 3JieMeHTOB (J)yHKIlHOHHpyK>T B o6paTHOM (b nacra 

B3anMOAeficTBH5i c noABKmiBiM ycraHOBOHHBiM 3JieMeHT0M 5) nopwe. yKa3aHm>ra 
npoiiecc perjiaMemnpyercfl npoipaMMHBiM nyreM c HcnonKBOsaHneM 3JieicipoHHO- 

BBMHCJIHTCJIbHBlX MaiUHH. 

B cjiynae HcnojiKJOBamw b KanecrBe no3HU[HOHnpyiomHx 3JieMeHT0B 7, 8, 9, 10, 1 1, 
12, 13 h 14 MaraHTOCTpHKipiOHHLK npeo6pa30BaTejieH (HaHono3HujiOHepOB), h3mchchhc 
Ahhhbi Ka>Kfloro H3 8-mh ynoMHHyTBix npeo6pa30BaxeneH ocyniecrBJiaercii nocpe^crrBOM 
H3MeHeHHH HaiTp^DKCHHocTH MarHHTHoro noun b 30He KsyKRoro MaramxxripHKii^oHHoro 
3neMeHra axraercroyroiijero MaraHrxxripmajjiOHHoro npeo6pa30BaTenjL Pb flByx nap 
no3Hii^oHHpyK>LUHx 3JicMeHT0B, pa3MemeHHBix onno3HTHO, o^Ha, pacnojio^ceHHaa c 
OflHoii cropoHbi ycraHOBOHHoro 3JieivieHTa 5, Moaeer 6t>rn> BbmojiHeHa b B*we npyacHH 
(BMecro MaraOTocTpHKiiHOHHBix npeo6pa30BaTejieH). 

YnpaRjieHHe npoijeccoM H3MeHeinw napaMeipoB MarHHTHoro nojia (b nacTHOcra, 
Hanp^ceHHocTH) b 30He Kaamoro MaramxxnpHKUjiOHHoro aneMeHra cooTBeTCTByiOKtero 
npeo6pa30Bareji5i KOHTpojrapyeTCH nocpeACTBOM KOMntiOTepa c 3EmaHHOH 
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nporpaMMOH, KOTopaa (jxjw AOCTH^ceHHH 3apaHee 3a^aHHoro nojioaceHHH cryneHH 3 
TOHHoro no3HUHOHnpoBaHHH) P/0JDKR2L HcnojiKBOBaTb flaHHbie no ee (t.c cryneHH 3) 
KoopzpfflaTaM, H3Mep^eMbiM nocpe^cTBOM cneuHajn>HOH HHTep^epOMeTpHHecKOH 
H3MepHTejn>HOH cHcreMLi KompojiH nojio^ceHHH no3HUHOHnpyeMoro o6i>eKTa 4, 
KOTopaa, KaK paHee yica3i>iBajioci>, ocHOBaHa Ha 6a3e, no MeHMiiefi Mepe, Tpex 
rerepoflHHHbix HHTep4>epoMerpoB, o6ecneHHBaioiuHx H3MepeHHe KoopzpniaT no o6eHM 

OCJIM («X», «y») C Heo6xOAHMOH (3a#aHHOH) TOHHOCTbK). 

TaKHM o6pa30M, bbdcoa cryneHH 3 tohhopo no3pnjHOHHpOBaHHH 3ajmneHHoro 
ycrpoHCTBa (HHane, HaHOCTOJia) Ha 3aflaHHtie Koop.UHHaTBi (b iijiockocth «X»-«y») 
ocynxecTBJiaeTC^ cjie^yrouijiM nyreM. 

Ilocjie nepeMemeHHH rpySofi cryneHH b rpe6yeMoe nojioflcemie c tohhoctbio ~ 3 
mkm, KompojiHpyeMOH c noMonijbio flByx HHrep^epOMerpoB no och X h oflHoro no och Y 
(c ijentio ycrpaHeHHa bo3mo)khi>ix nepeKocoB) nnnxa rpy6ofi cryneHH <J)HKCHpyeTC^ Ha 
onopHOH noBepxHOCTH 6a30Boro crrojia. Ilocjie 3Toro crpmcropbi, MarHHTHtie chctcmbi 
KoropBix o6ecneHHBaioT Heo6xoflHMoe H3MeHeHHe jioicajibHBix 3HaneHHH 
HanpiMceHHOciH MaraHTHoro nojra y noBepxHocm Kaacaoro crpHKTOpa b cootbctctbhh 
c KOMntiOTepHOH nporpaMMOH, Hcnojn>3yK>iij;eH flaHHbie no KOopflHHaxaM tohhoh 
cryneHH, nojiyneHHbie c noMoujbio cooraerxHByroiipix; HHTep^epoMerpuHecKHx 
H3MepeHHH, 3aBepniaior OKOHHarenbHyio locrapoBKy tohhoh cryneHH c flHCKperoM flo 
-0,1 hm b ^Hana30He nepeMemeHHH 10-20 mkm npH HenpeptroHOM 
HHTep4)epoMerpnHecKOM Kompojie, o6ecneHHBaa tohhoctb no3HHHOHnpoBaHHH He xy»ce 

5 HM. 

TaKHM o6pa30M, 3aaBJieHHoe no3mpiOHHpyiomee ycrpoHCTBO MO^cer 6i>m> 
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npoMMiiuieHHo peajiH30BaHO rjw oGecneneroifl no3mjHOHnpoBaHiw paajiHHHBix 

o6l>eKTOB C TOHHOCTLK) n03HUHOHHpOBaHHfl (AHCKpeTHOCTBK) Kiara nO3PIUH0HKpOBaHH5l) 

He 6ojiee 5 hm. 3thm o6ecneHHBaerc5i flocnoKeHHe npHHUjuiHajibHO hobbdc 
TexHOJiormecKHx bo3mo5khoctch b o6jiacm MKKpoajieicrpoHHKH, orrnraecmro 
npH6opocipoeHPia 5 npeujOHOHHoro MaiiraHOCTpoemM h T.n. CjieflOBarejibHO, 
3aaBJieHHoe TexmraecKoe penieirae mo^kgt crraTb ochoboh ajw co3flaHHH hoboto 
noKOJiemM cynepnpeujoHOHHoro o6opy#OBaHira ajw TexHOJiornnecKHX rrpoijeccoB 
pe3amra, rpaBupoBamM, (^pe3epoBaHHH h T.fl., a xaioKe o6opyAOBarora pjw 

(^OTOJIHTOrpa^HHeCKHX H peHTreHOJIHTOrpa^HHeCKHX KOMIIJieKCOB HCnOJIb3yeMBIX B 

MHKpo3JieicipoHHOH h nojimpa^HHecKOH npoMbniuieHHOcra. 

HcnojiMOBaHHe HaHono3HUHOHepa motkctt craxb ochoboh jjjix pa3BHTHH hoboto 
noKOJieHHH npeuH3HOHHi>ix cTamcoB nnx TexHOJionraecKHx npoijeccoB pe3KH, 

ipaBHpOBaHHH, (J)pC3epOBaHHH H T.fl., a TOIOKe CTOJIOB n03HII#OHHpOBaHHfl B CBepXTOHHBDC 

4)OTOipaMMerpHHecKHX ycraHOBKax, b rojiorpa<j)HHecKHX ycxaHOBKax hoboto 
noKOJiemw, b AejrarejibHBix Maunmax ajih npoH3BOflCTBa flH(J)paKiiHOHHbix peiueTOK c 
KOjmHecTBOM iinpHxoB npeBBiuiaiomHM 3HaneHHe 10 4 mm" 1 , b KOMiuieKcax (|)oto - h 
peHTreHOJiHTorpa^HH, a xaioKe cMoryr no3BOjnm> pa#HKajn>HO noBbicnrb crenenb 
HHrerpaitHH 3JieivieHT0B (b t.h. <<HHTI>>ob), HanpHMep, b MHKpoiipoueccopax. 



OopMyna H3o6pereHHH 



1. HaHOMerpHHecKoe no3PDHHOHHpyiomee ycipoHCTBO, co^ep^camee 

HenOABIMCHBIH 6a30BBIH 3J1CMCHT Ha KOTOpOM yCTaHOBJieHa C B03M02KHOCTBK) 

B03BpaTHO-nocrynaTejiBHoro nepeMememra othochtcjibho 6a30Boro ajieivteHTa 
ciyneHB rpySoro no3HHjiOHHpoBaiow, Ha nocjie/tHeH ycraHOBJieHa c bo3M05khoctbio 
B03BpaTHO-nocTynaTejn>Horo nepeMememra othochtcjibho cryneHH rpy6oro 

n03HUHOHHpOBaHHH CiyneHB TOHHOrO n03HUHOHHpOBaHHH C yCTaHOBOHHBIM 

3JieMeHTOM, cryneHb rpy6oro no3HipiOHHpoBamra KHHeMaTHHecKH cBJcaHa c 6a30BbiM 
3JieMeHTOM h CTynem>K) tohhoix) no3HUHOHHpoBaHHH c B03M05KHOCTBK) oGecnenemra 
nepeMemeHHH o6eHX ciyneHeH oraocHrenbHO 6a30Boro arieivieHTa, a KHHeMaxHHCCKaa 
CBH3B ynoMflHyrbix ciyneHeH no3HiijroHHpoBaHHfl Me^oy co6oh ocymecrBJieHa c 
B03M03KHOCTLK) aBTOHOMHoro nepeMememra ycTaHOBOHHoro 3JieMeHTa ciyneHH 

TOHHOrO n03HHHOHHpOBaHHH OTHOCHTCJIBHO CiyneHH ipy6orO nO3HUJI0HHpOBaHH5I H, 

cootbctctbchho, 6a30Boro 3JieMeHTa, npn 3tom ciyneHH rpy6oro h tohhofo 
nosHiiHOHHpoBaHHH yciaHOBJieHBi c botmo^khoctbk) ynoMHHyroro nepeMememra no ppyM 
OC5IM KOopflHHaT, CiyneHB rpy6oro no3HijHOHHpoBaHH5i BBmojmeHa b BH#e ^cecncoH 
onopHOH miHTBi, Ha KOTopoft ^cecnco 3aKpenjieHa np^Moyrojn>Ha» pajvuca, BHyipH 
KoropoH pacnojioaceH ycraHOBOHHBiH 3JieMeHT ciyneHH tohhoid no3HUjioHHpoBaHH5i, 
HMeiomero bo3mo^choctb nepeMememra h (jttnccauHH b 3a#aHHOM nojio>KeHHH 
nocpeflCTBOM nonapHO ycraHOBJieHHBix Ha KaagjoS cropoHe npmioyrojn>HOH paMKH 
ciyneHH rpy6oro no3HnjiOHHpoBaHHH no3HUHOHHpyiomnx 3JieivieHTOB HaHOMerpHHecicoro 
,HHana30Ha, npm&A ciynem> rpy6oro no3HiiHOHHpoBaHHH BBmojiHeHa o6ecneHHBaiomeH 
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3a^aHHoe nepeMemeraie c norpeiiiHOCDiMH MeitbiiiHMH, neM ,miana30H nepeMememia 
cryneHH tohhoto no3HimoHHpoBaHira no Ka>K£OH H3 japyx ynoM5myn>ix oceS Koop^HHaT. 

2. HaHOMeipHHecKoe no3imHOHnpyiomee ycipoHCTBO no n. 1, aniHHaiomeecfl 
tcm, hto no3HUHOHHpyK)inpie 3JieMeHTbi HaHOMerpHHecKoro AHana30Ha ciyneHH tohhoto 
no3HujioHHpoBaHHfl BbmojmeHbi b EHJJ& MaraHTOcrpHKiijioHHBix npeo6pa30BaTejieH, 
cpe/tCTBa co3Aam«i h H3MeHeHHH napaMeTpos Marrorraoro nojia Koropbix BbmojmeHbi b 
Bime nocTOffiHLix MarmrroB. 

3. HaHOMeipHHecKoe no3*njHOHHpyK)iijee ycipoHCTBO no n. n. 1 hjih 2, 
OTJiHHaiomeecH TeM, hto KHHeMaTHHecicafl cbjbb cryneHH rpy6oro no3HUjiOHMpoBamra 
c 6a30BBiM 3JieMeHTOM BbmojmeHa b Btme, no MeHbineft Mepe, tt&yx npenn3HOHm>ix 
jniHeHHbix ABHraTejiefi, pacnojioaeeHHbix Ha 6a30BOM ajieMeirre c bo3mo^hoctbk> 
nepejviemeHHfl acecncoii onopHofi romTbi cryneHH rpy6oro no3iniHOHHpoBamM b^ojib 
cxDoraeTCTByiouijix oceft Koop^HHaT. 

4. HaHOMeTpHHecKoe no3HUHOHHpyioHi;ee ycipoHCTBO no n. 3, OTjmHaiomeeai 
xeM, hto oho cHa6^ceHO cpeAcraaMH, o6ecneHHBaK>mnMH nepeMememie ^cecncoH 
onopHOH njnin>i cryneHH rpy6oro no3raijiOHHpoBaHHH Ha B03,nyiiiHOH no/iynnce. 

5. HaHOMeipHHecKoe no3HujiOHHpyiomee ycipoHCTBO no jnoGoMy H3 n. n. 1 - 4, 
OTjmnaionieecH TeM, hto 6a30BbiH ajieMenr cHa6^ceH cpeflcraaMH 4)HKcamm CTyneHH 
rpy6oro no3HUHOHHpoBaHHH, BbmojmeHHbiMH b BHfle CHcreMbi BaKyyMHoro npncoca 

6. HaHOMeipHHecKoe no3HU^OHHpyiomee ycipoHCTBO no mo6oMy H3 n. n. 1 - 5, 
OTJiHHaiomeecH TeM, hto oho CHa6nceHO H3MepHTejn>HOH chctcmoh Kompojw 
nojio^ceHHfl no3nuHOHHpyeMoro o&beicra, BKjnonaioiijeH, no MeHbinefi Mepe, Tpn 

KOHTpOJIbHO-H3MepHTeJIbHbIX CpeflCTBa C TOHHOCTbK) H3MepeHHH He HH^Ce TOHHOCTH 



3 

no3HUHOHHpoBaHiM ynoMjmyrbix no3HUHOHHpyiomHx 3JieMeirroB HaHOMerpHHecKoro 
AHana30Ha cryneHH tohhofo no3HujiOHPipoBaHHH, npn otom o^ho H3 ynoMHHyrbix 
H3MepHTejn>Hbix cpe^crB pa3Mem,eHO c B03MoacHOCTbK> ocymecmneHHH jnmeHHoro 
KompojiH nojioacemra no3ramoHnpyeMoro oGteiera no o#hoh H3 ocefi KOopamiaT, a 
ocTajiBHbie - c B03MomiocTbio ocyrqecTBJiemM jnmeHHO-nojMpHoro KompojiH, 
othochtcjibho flpyrog oproroHajibHOH BbimeynoMimyroii och Koop^pmaT b nnocKocra 
6a30Boro arceMeHra. 

7. HaHOMeipHHecKoe no3HXXHOHHpyiomee ycnpoHCTBO no n. 6, OTJiHHaiomeecfl 
tcm, hto oho CHa6^ceHO chctcmoh ynpaBJiemiH no3HipiOHHpyioiiipMH 3JieMeHTaMH, 
o6ecneHHBaiomHMH nepeMemeHHC ycraHOBOHHoro 3JieMeHTa ciynemi tohhoid 

n03HUJ10HHpOBaHHH Ha 3a^aHHOe paCCTOHHHe, CB5E33HHOH C H3MepHTCJIbHOH chctcmoh 
KOHTpOJM nOJIO>KeHHH no3HUHOHHpyeMoro o&Bejcra. 

8. HaHOMeTpHHecKoe no3Hi5ioHHpyioiijee ycipoficTBO no n. n. 6 hjih 7, 

OTJIHHaiOmeeCil TCM, HTO KOHTpOJIBHO-H3MepHTeJIBHLie Cpe^CTBa H3MCpHTCJn>HOH 

chctcmoh KompojiH nojioacemM no3HUHOHHpyeMoro o&teicra BsmojmeHbi b BHfle 
Jia3epHbix rerepoflHHHtix HHTepc^epoMeipoB h/hjih cmkocthbix ^arqHKOB AeBHauHH 
nono^ceHHH ciyneHefi othochtcjibho nnocKocra 6a30Boro ajieMeirra. 



4 2.3 6 41 
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Pe(J)epar 

M3o6peTeHHe othochtch k o6jiacra npeitH3HOHHBix no3HOHOHHpyiomHX 
ycTpoiiCTB, o6ecneHHBaiomHX Anana30H nepeMemeraw oGbeicra Ha paccTo^HHe He 
MeHee 160 mm (no jspyM KoopAHHaraM) c AHCKperHOCTbio inara nepeMemeHHfl b 
HaHOMeipoBOM AHana30He. HaHOMeTpHHecicoe no3HipiOHHpyiomee ycxpoHCTBO, 
BKmoHaeT: HenoABiracHBiH 6a30Bbm 3JieMeHT (E3), Ha kotopom ycTaHOBJieHBi c 
bo3MO)khoctbio B03BpaTHO-nocTynaTejiBHoro nepeMemeHHH cryneHH h rpy6oro h 
TOHHoro (cooTBCTCTBeHHo) no3HUHOHHpoBaHHH oGteicra. CTyneHb rpy6oro 

n03HipiOHHpOBaHH^ KHHCMaTHHCCKH CBfl3aHa C E3 H CTyneHLK) TOHHOrO 

no3PnjHOHHpOBaHHH c bo3mo«hoctbk) oGecnenemra CHHxpoHHoro nepeiviemeHHH 
o6eHX CTyneHefi othochtcjibho E3 (b npouecce rpy6oro no3HUHOHHpoBaHHa 
o6i>eKTa). KHHeMaTHHecKaa cbh3b ynoMjmyTBix CTyneHefi Meamy co6ofi 
ocymecTBJieHa c bo3mo>khoctbk> aBTOHOMHoro nepeMemeHHa noABiDKHoro ajieMeirra 
cryneHH TOHHoro no3HUHOHHpOBaHHa othochtcjibho cryneHH rpySoro 
no3HUHOHHpOBaHHH (b npoijecce TOHHoro no3HipiOHHpoBaHiw). CTyneHH 
ycraHOBJieHM c bo3mo>khocti>k> ynoM^Hyroro nepeMenjeHira othochtcjibho E3 h 
o^Ha OTHOCHTejiBHO apyrofi no jipyM ocam («X», «Y») KOopAHHaT. CTyneHB 
rpyGoro no3Hii,HOHHpoBaHHH BbinojmeHa b BH^e acecTKOH onopHoft iuihtbi, 
KHHeMaTHHecKan cbh3b Koropofi c B3 ocymecTBJieHa nocpe^cTBOM flByx jnmefiHbix 
ABHrarejiefi, pacnojioaceHHBix Ha B3 c bo3mohchoctbio nepeMemeHHa ynoMjmyroft 
onopHOH raiHTBi Ha B03flyumoH noflynnce baojib cooTBexcTByiomHX ocefi («X», «Y») 
KOOpAHHaT. CTyneHB 3 TOHHOID n03HUHOHHpOBaHHH BBmojffleHa B B*me ^cecTKO 
3aKpenjieHHOH Ha ynoMHHyrofi onopHofi njnrre npaMoyrojiBHofi paMKH c 



pacnojicoKeHHBiM BHyrpH ee Komypa noaBHxcHbiM y ctbho bohhbim 3JieMeHTOM. 

YCTaHOBOTOfclH 3JieMeHT HMeeT B03M02CHOCTB IiepeMemeHHfl h/hJIH (J)HKCaiJ:HH B 

3aflaHHOM nojio)KeHHH nocpe^cTBOM ycraHOBJieHHBix Ha Ka>KAOH cropoHe paMKH 
no3HUjioHHpyK)iiiHx 3JieMeirroB HaHOMeTpHnecKoro 7tHana30Ha. ycipoHCTBO CHa6^ceHO 
H3MepHTejitHOH cHCTeMOH KOHipojiH nojioacemra no3HijHOHHpyeMoro o6i>eKTa, 
BKjnoHaiomeH TpH KOHTpojiBHO-H3MepHTejn>HBix cpe^cTBa oGna^aioinHX tohhoctbk) 

H3MepeHHH He HH^Ce TOHHOCTH n03HIiHOHHpOBaHHH yilOMflHyTBIX nO3HL(H0HHpyiOIUHX 

3jieMeHTOB. Qhho H3 KOHTpojn>HO-H3MepHTejn>Hbix cpe^CTB pa3MemeHO c 
bo3mo)khoctbio ocymeciBJieHiM jnmeHHoro KOHTpcwra nojioHcemiH o6i>eKTa no oahoh 
H3 ocefl KoopflHHaT, a ocTajibHbie - c bo3mc»khoctbk) ocymecTBJieHHH jimhchho- 
nojMpHoro (yrjioBoro) kohtpojm, othochtcjibho flpyrofi och Koop^HHaT b ruiocKocTH 
B3. 1 h. 3. n. <|>-jibi, 2 hji. 



